P trend < 0.0001), CVD mortality (HR Tertile3vs1 1.46; 95 % CI 1.18-1.81, P trend = 0.0006), cancer mortality (HR Tertile3vs1 1.46; 95 % CI 1.10-1.96, P trend = 0.01), and digestive-tract cancer mortality (HR Tertile3vs1 2.10; 95 % CI 1.15-3.84, P trend = 0.03). Conclusion These results indicate that a pro-inflammatory diet, as indicated by higher DII scores, was associated with higher risk of all-cause, CVD, and cancer mortality.
Introduction
Inflammation is a result of the body's response to tissue insult or injury, or the presence of inflammatory stimulants [1, 2] . The acute inflammatory response represents an important step in the process of wound healing and tissue regeneration that, under normal circumstances, will lead to recovery over a few days [3, 4] . Chronic inflammation is known to be associated with common epithelial, especially colorectal, cancers [5] [6] [7] . Worldwide, cardiovascular disease (CVD) is the leading cause of mortality, accounting for about half of the deaths among adults [8] . In the USA, more than 80 million people suffer from CVD and an average of about one million Americans die from CVD each year [9, 10] . There is growing evidence that specific dietary components influence inflammation [11] [12] [13] and all-cause, cancer, and CVD mortality [14] [15] [16] [17] .
Research into the role of diet in inflammation and mortality suggests that diet represents a complicated set of exposures that often interact, and whose cumulative effect modifies both inflammatory responses and health outcomes. A literature-derived, population-based dietary inflammatory index (DII) was developed to assess the inflammatory potential of an individual's diet, and a higher score indicates a pro-inflammatory diet [18] . The DII has been construct-validated with various inflammatory markers, including C-reactive protein (CRP) [19, 20] , interleukin-6 (IL-6) [21] [22] [23] , and tumor necrosis factor alpha (TNF-α) receptor 2 expression [23] . Additionally, increasing DII scores have been shown to be associated with the increased glucose intolerant and dyslipidemic components of metabolic syndrome [20, 24] , decreased bone mineral density in Iran [25] , shift work status in a large populationbased survey in the USA [26] , increased risk of asthma in Australia [21] , colorectal cancer in case-control studies in Spain and Italy [27] and in cohort studies in USA [28] [29] [30] , and pancreatic, esophageal, endometrial hepatocellular, and prostate cancers in Italy [31] [32] [33] [34] [35] .
Thus far, two studies have reported on the association between the DII and mortality, and those were in cohorts of females only [36, 37] . The purpose of the current study is to examine the association between the DII and all-cause, overall cancer, digestive-tract cancer, and CVD mortality in a large prospective cohort of a nationally representative population, the National Health and Nutrition Examination Survey (NHANES III), including both males and females. Our hypothesis is that a higher DII score (indicating a proinflammatory diet) increases risk of dying from all causes, CVD, and cancer.
Methods
Subjects providing data for this analysis were participants in the NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) , which is a nationally representative sample of the civilian, non-institutionalized US population. Details of the survey design have been reported previously [38] . The current study was restricted to participants above 19 years of age at baseline, with complete data on mortality outcomes, diet, and relevant covariates (n = 12,366).
In the NHANES III cohort study, mortality information is derived on the basis of a probabilistic match between NHANES III and the National Death Index records through December 31, 2006 , by the National Center for Health Statistics. For overall mortality, we included deaths from all causes. For cancer-specific mortality, we included deaths from malignant neoplasms which were coded from C00-C97 in the International Classification of Diseases, 10th Edition, Clinical Modification System codes (ICD-10). For digestive-tract cancers, we included malignant neoplasms from the front of the mouth to the rectum and malignant neoplasms of pancreas and hepato-biliary system (ICD-10 = C00-C16, C18-C22, C25). For CVD-related mortality, we used ICD-10 = I00-I178.
Dietary information was obtained from one in-person 24-h diet recall (24HR) with the use of a personal computer-based, automated, interactive data collection and coding system that was developed by the University of Minnesota's Nutrition Coordinating Center and conducted by trained interviewers. The 24HR-derived dietary data were used to calculate DII scores for all participants. A complete description of the DII is available elsewhere [18] The DII is based on the literature published through 2010 linking diet to inflammation. Developing the DII involved reviewing and scoring nearly 2000 scientific articles on cell culture and laboratory animal experiments, and cross-sectional, longitudinal, and intervention trials in humans of 45 different food parameters and six inflammatory markers (i.e., CRP, IL-1β, IL-4, IL-6, IL-10, and TNF-α). Results of each study on each of the 45 food parameters were scored by assigning a "+1" if a pro-inflammatory effect was reported, a "−1" if an anti-inflammatory effect was reported, or a "0" if there was no effect of the food parameter on inflammation ( Fig. 1 ). Scores were weighted by type of study design, with human clinical trials receiving the highest weight. Using these weighted values, the pro-and anti-inflammatory fractions for each food parameter were calculated. The "food parameter-specific overall inflammatory effect score" was then calculated by: (1) dividing the weighted pro-and anti-inflammatory articles by total weighted number of articles and (2) subtracting the anti-inflammatory fraction from the pro-inflammatory fraction. An adjustment was made for those food parameters with a less robust pool of the literature.
To compare dietary intake of each of the food parameters to a standard amount, a world intake database was created using nutrition monitoring data from 11 different regions around the world, and a world mean intake and standard deviation was calculated for each of the 45 food parameters. To calculate DII in NHANES III, the dietary intake data were first linked to the world database that provided a robust estimate of a mean and standard deviation for each parameter [18] . These then became the multipliers to express an individual's exposure relative to the "standard global mean" as a z-score. This was achieved by subtracting the "standard global mean" from the amount reported by subjects and dividing this value by the standard deviation. To minimize the effect of "right skewing," this value was then converted to a centered percentile score. The centered percentile score for each food parameter for each individual was then multiplied by the respective food parameter-specific overall inflammatory effect score, which is derived from the literature review described above, in order to obtain a food parameter-specific DII score for an individual. All of the food parameter-specific DII scores are then summed to create the overall DII score for each participant in the study [18] . For this study, 27 of the 45 food parameters were available for DII calculation: energy, carbohydrate, protein, fat, alcohol, fiber, cholesterol, saturated fatty acid, monounsaturated fatty acid, polyunsaturated fatty acid, niacin, thiamin, riboflavin, vitamin B12, vitamin B6, iron, magnesium, zinc, selenium, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, beta carotene, omega 6, and omega 3. Data were not available on 18 food parameters: anthocyanidins, eugenol, flavan3ol, flavones, flavonols, flavonones, isoflavones, caffeine, garlic, ginger, onion, saffron, turmeric, pepper, thyme/oregano, rosemary, tea, and trans-fat. DII = b1 × n1 + b2 × n2…b27 × n27, where "b" refers to the literature-derived inflammatory effect score for each of the evaluable food parameters and "n" refers to the food parameter-specific centered A score for each food parameter was calculated giving: +1 to each arƟcle if the effects were pro-inflammatory (significantly increased IL-1β, IL-6, TNF-α or CRP, or decreased IL-4 or IL-10), -1 if the effects were anƟ-inflammatory (significantly decreased IL-1β, IL-6, TNF-α or CRP, or increased IL-4 or IL-10), 0 if the food parameter did not produce any significant change in the inflammatory marker.
A food parameter-specific overall inflammatory effect score was calculated by subtracƟng the anƟ-inflammatory fracƟon from the pro-inflammatory fracƟon. This score was corrected if the total weighted number of arƟcles was <236. In these cases the raw overall inflammatory score is mulƟplied by the total weighted number of arƟcles divided by 236
Z-score and centered-percenƟles for each of the 27 food parameters* for each parƟcipant of this study were calculated based on the average and standard deviaƟon for each food parameter obtained from the global database which was created from the consumpƟon of the original 45 food parameters from 11 countries from around the world
The centered percenƟle for each food parameter is mulƟplied by the respecƟve 'overall food parameter-specific inflammatory effect score' to obtain the 'food parameter-specific DII score'
All of the 'food parameter-specific DII scores' are summed to create the 'overall DII score' for each individual
Review of arƟcles published from 1950 to 2010 resulƟng in 1943 studies linking a total of 45 food parameters with inflammatory biomarkers percentiles, which were derived from the NHANES III dietary data. A description of the primary construct validation, including both dietary recalls and a structured questionnaire similar to an FFQ, also is available in separate publication [19] . A detailed schematic of this methodology is provided in Fig. 1 . Associations with DII for demographic factors, lifestyle factors, self-reported diabetes mellitus, and anthropometric characteristics were examined using ANOVA models or Chi-square tests (see Table 1 for specific variables). DII was analyzed both as a continuous variable and by tertiles of exposure in relation to all-cause, CVD, overall cancer, and digestive-tract cancer mortality. Hazard ratios (HRs) and 95 % confidence intervals (95 % CIs) were estimated using Cox proportional hazards regression models, adjusting only for age in the first model. In the second model, additional adjustment was made for body mass index [BMI = weight (kg)/height (m) 2 ], smoking status (smoker/non smoker), sex, race/ethnicity (nonHispanic White, non-Hispanic Black, Mexican-American, and others), diabetes status (yes/no), hypertension status (yes/no), physical activity (number of moderate to vigorous intensity activities in the past month), medical history of CVD (presence or absence of coronary heart disease or congestive cardiac failure), and poverty index (PI) (low-income status = 0.000 ≤ PI < 1.300, middleincome status = 1.301 ≤ PI ≥ 3.500, high-income status = PI > 3.500). Physical activity was assessed by Table 1 Distribution of continuous and categorical baseline characteristics of NHANES III cohort across tertiles of DII Tertile 1 is most anti-inflammatory group, and tertile 3 is the most pro-inflammatory group a Continuous variables examined using ANOVA presented as mean ± SD. Categorical variables examined using Chi-square test presented as n (%) b Poverty index (PI) is a calculated variable based on family income and family size using tables published each year by the Bureau of the Census in a series entitled "Current Population Reports" on poverty in the USA c Low-income status = 0.000 ≤ PI < 1.300, middle-income status = 1.301 ≤ PI ≥ 3.500, high-income status = PI > 3.500 questionnaire; PI was used to capture socioeconomic status, and the poverty-to-income ratio is an index of poverty status which is calculated by dividing family income by a poverty threshold specific to family size. The covariates were chosen a priori, as they had been shown previously to be strong risk factors for the outcomes of interest in this cohort. Participants with extreme energy intake values (≤500 and ≥5000 kcals, n = 307), with abnormal BMI values (>50 kg/m 2 , n = 53) or extreme PI values (>10, n = 1235), or who had a history of cancer at baseline (n = 461) were excluded. Some of the excluded participants met more than one exclusion criteria; hence, there was overlap. Energy was not included in the model because energy is accounted for as a parameter of the DII. A test for linear trend was conducted by including the median value for each DII tertile as a continuous term into the regression model. The assumption of proportional hazards was tested by adding to the model an interaction term between follow-up time and DII; there was no evidence that these assumptions were violated. Sensitivity analyses were conducted by excluding participants with diabetes and cardiovascular diseases at baseline, and additional sensitivity analyses were conducted adjusting for history of CVD status in the multivariate model. Statistical tests were performed using SAS ® 9.3 (SAS Institute Inc., Cary, NC); all statistical tests were twosided, and P < 0.05 was considered statistically significant.
Results
The mean DII score in this study was 0.73, SD ± 2.20, and the value ranged from a maximally pro-inflammatory score of +5.83 to maximally anti-inflammatory score of −5.60. Participants in tertile 1 (−5.60 to −0.22) have the least inflammatory diet, and participants in tertile 3 (+2.03 to +4.83) have the most pro-inflammatory diet. Subjects in the third tertile had significantly higher BMI and CRP values and were older than subjects in the first tertile. They also had significantly lower energy intakes, total servings of dietary fiber, total grains, total fruits, vegetables, and meat compared to those in tertile 1 of DII ( Table 1) . Intake of the following dietary variables decreased across DII tertiles (Table 1) . Individuals in DII tertile 3 had higher percentage of females, non-Hispanic Blacks, people with low PI scores and more hypertension than those in DII tertile 1 (Table 1 ). There was a higher percentage of deaths observed in tertile 3 compared to tertile 1 for all-cause mortality (35.9 vs 30.4 %), overall cancer mortality (38.1 vs 31.1 %), digestive-tract cancer mortality (42.4 vs 29.1 %), and CVD mortality (35.4 vs 29.8 %) ( Table 1) . During the follow-up period (mean ± SD = 13.5 ± 4.0 years), 2801 total deaths were identified, including 617 malignant cancer deaths, 158 digestive-tract cancer deaths, and 1235 CVD deaths. When analyses were carried out using DII as a continuous variable, a 1-unit increment in DII (corresponding to 0.5 standard deviation increase) showed significant positive associations with risk of overall mortality after adjusting for age (HR 1.05; 95 % CI 1.02-1.08). After additional adjustment for sex, race, diabetes status, hypertension, physical activity, BMI, PI, and smoking, the HR was slightly attenuated (1.04; 95 % CI 1.02-1.07). For analyses focusing on deaths due to specific causes, a significant positive association was observed with CVD mortality after adjustment for covariates (HR 1.06; 95 % CI 1.02-1.09). For malignant cancer mortality and digestive-tract cancer mortality, HRs for DII were in the hypothesized direction as were observed for all-cause and CVD mortality; however, results did not achieve statistical significance, consistent with the smaller number of cases (Table 2) .
Analysis with DII categorized as tertiles revealed significantly higher risk for subjects in the third tertile compared to those in the first tertile for overall mortality (HR 1.34; 95 % CI 1.19-1.51, P trend < 0.0001); malignant cancer mortality (HR 1.46; 95 % CI 1.10-1.96, P trend = 0.01); digestive-tract cancer mortality (HR 2.10; 95 % CI 1.15 −3.84, P trend = 0.03); and CVD mortality (HR 1.46; 95 % CI 1.18-1.81, P trend = 0.0006) ( Table 2) . No significant interactions were observed between DII and either sex or BMI for all types of mortality.
We also carried out sensitivity analyses excluding participants with CVD and diabetes at baseline, and the results did not alter substantially (overall mortality; HR Tertile3vs1 = 1.33; 95 % CI 1.14-1.55, P trend < 0.0001). Also, additionally adjusting for baseline CVD status showed a marginal change in the HR for overall mortality (HR Tertile3vs1 = 1.31; 95 % CI 1.16-1.48, P trend < 0.0001).
Discussion
In this large, nationally representative, prospective cohort study, the consumption of a more pro-inflammatory diet, as reflected by higher DII scores, was associated with increased risk of deaths from all-cause, CVD, cancer, and digestive-tract cancer. Compared to subjects in tertile 1, those in tertile 3 were 34 % more likely to die from any cause, 46 % more like to die from all cancers, 110 % more likely to die from digestive-tract cancers, and 46 % more likely to die from CVD. We also observed a significantly increasing trend in CRP concentrations across tertiles of DII. These results are consistent with the epidemiology of colorectal cancer, which is known to be strongly related to inflammation [39] [40] [41] [42] , and represent the majority of digestive-tract cancers.
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The DII is different from other dietary indices, virtually all of which fall into three main categories: (1) Those derived from specific dietary prescriptions based on some external standard [e.g., Healthy Eating Index (HEI) which was derived from the adherence to the US dietary guidelines] [43] ; (2) those derived empirically from findings within particular study populations [e.g., computing a pattern using principal component analysis (PCA)] [44] ; or (3) those that link to particular cultural patterns of dietary intake (e.g., the Mediterranean diet score) [45] . Unlike all of these other indices, the DII (1) is grounded in peerreviewed literature focusing specifically on inflammation; (2) can be adapted to virtually any dietary assessment method that provides estimates of nutrient intake; and (3) is standardized to dietary intake from representative populations around the world, thus facilitating easy quantitative comparisons across studies.
Studies have been conducted to examine various dietary patterns and indices in relation to mortality [46] [47] [48] . In a study conducted in the NHANES III cohort study, HEI scores were found to be inversely associated with allcause and CVD mortality [47] . In a study conducted in the NIH-American Association of Retired Professionals (NIH-AARP) cohort, the Mediterranean diet score was associated with reduced all-cause and cause-specific mortality [46] , while another report from the NIH-AARP study showed various indices [HEI-2010, the Alternative Healthy Eating Index-2010 (AHEI-2010), the alternate Mediterranean Diet (aMED), and Dietary Approaches to Stop Hypertension (DASH)] to be protective against all-cause, CVD, and cancer mortality [49] . In the Whitehall cohort study, which was conducted in the UK with a predominantly White population, AHEI was not associated with cancer mortality or non-cancer/non-CVD mortality [48] .
Previous studies also have examined the effect of specific food items, such as red meat [50] , and nutrients, such as magnesium [51] and vitamin E [52] , on mortality. In a meta-analysis, red meat intake, especially processed meat, was found to be associated with increased all-cause mortality [50] . We also acknowledge that increasing intake of red meat in the lowest DII tertile is in the opposite direction of what would be expected; however, it should be noted that red meat is one among several other food items that affect inflammation; there are other food items such as vegetables, fruits, and fish that exert a stronger anti-inflammatory effect, and their distributions across the DII tertiles are similar to what is expected. The red meat observation may be explained by the fact that red meat eaters eat more of everything, including many of these anti-inflammatory foods. Because the DII takes into account the diet as a whole, red meat eaters could have an anti-inflammatory DII score if they ate sufficient quantities of other components (e.g., vegetable, spices) that contribute significantly Table 2 Hazard ratio for mortality outcomes with DII as continuous and as tertiles to the anti-inflammatory effect of the entire diet. No association was observed between magnesium and calcium and cancer-related mortality in the EPIC-Heidelberg study [51] . In a prospective study conducted by Pocobelli et al. [52] , vitamin E was found to significantly reduce CVD mortality; however, no association was observed with cancer mortality. A limitation of studies that have focused on only one nutrient or food group is that these foods or nutrients are consumed with other food items and nutrients; thus, dietary inter-correlations may attenuate or accentuate the actual effects of the food group or nutrient under study. A very high correlation between nutrients among foods can result in instability in risk estimation and possible loss of statistical power. In formulating the DII [53, 54] , an entirely different approach was taken by focusing on the functional effects of foods and nutrients. As such, it relies on extensive review and careful scoring of the medical literature in specific relation to inflammation. Also, it standardizes individuals' dietary intakes of pro-and antiinflammatory food constituents to world referent values (for ease of comparison with findings from other, diverse studies). As a composite of up to 45 food parameters (here 27), the DII obviates problems with these inter-correlations to a large extent. While individual nutrients may be correlated with one another, the overall diet scores like DII may be only minimally correlated with other factors. We have found this when we have used a two-stage modeling technique in other populations (e.g., South India) [55] [56] [57] and for analyses of dietary and tobacco exposures within the USA [58] . While highly inter-correlated factors may present problems with model fitting when considered singly, when combined the aggregate scores presented no such problems in terms of inter-correlations. One of the possible mechanisms for the inverse associations observed in this study might be through the effect of pro-inflammatory diet on insulin resistance by increasing systemic inflammation [59, 60] . Consumption of food items such as meat and butter has been shown to increase systemic inflammation by increasing levels of high-sensitivity CRP, E-selectin, and soluble vascular cell adhesion molecule-1 [59] , which then are responsible for increasing insulin resistance [60] . Insulin resistance caused by increasing circulating levels of insulin, triglycerides, and non-esterified fatty acids [61, 62] is associated with digestive-tract cancers and CVD, all of which, if left uncontrolled, result in progressive disease leading to death. As mentioned previously, there are various dietary factors that have different effects on inflammation; for example, red meat consumption increases inflammation and green leafy vegetables reduce inflammation [61, 62] . Supporting our findings, previous work in the NHANES III examining diet and mortality has shown significant inverse associations between antiinflammatory food parameters such as selenium [63] and magnesium [17] intake and mortality. A significant positive association was observed between sodium intake and sugar intake and CVD mortality [16, 64] , while no association was observed between meat intake and mortality [65] .
Our study has several strengths. NHANES III Study is a large, prospective, multiethnic, nationally representative study well characterized with data on multiple risk factors and confounders. This study had a long follow-up with a large number of events for the outcomes studied. Nevertheless, there are limitations. The main limitation of this study was that the estimation of dietary intake was based on single self-reported 24HR. It is well known that differences observed in dietary intake consist of both intra-and interperson sources of variance [66] . A single 24HR may not be an adequate reflection of usual diet due to day-to-day and other sources of intra-person variability [67] . Consequently, resulting data can lead to potential misclassification bias. In a prospective study such as NHANES, it is likely that the bias introduced will be random and this will generally lead to a higher likelihood of results consistent with the null hypothesis of no effect [68, 69] . Dietary assessment was available only at one time point. Participants' dietary habits might have changed during the follow-up period. However, previous studies have reported that dietary pattern classification is moderately stable over time [70] [71] [72] [73] [74] [75] .
In conclusion, these results indicate that individuals who consumed a more pro-inflammatory diet were at increased risk of dying from all-cause, CVD, and cancer compared to individuals who consumed a more anti-inflammatory diet. The fact that we had access to just a single 24HR increases the likelihood of these results being biased toward the null hypothesis of no effect. Future work should include more robust measures of dietary intake, including multiple 24HR. Other future steps might include investigating how the DII behaves longitudinally in an intervention trial among individuals who have had cancer or CVD to examine whether improvement in the DII scores over time is associated with subsequent improved survival. It also would be interesting to examine how DII fares in predicting mortality in studies outside the USA reflecting different populations and how it compares with other indices in relation to all-cause, CVD, and cancer mortality. 
